Abstract Lectin histochemistry has been used to investigate glycosylation modification and glycoprotein expression that occurs during development and under different physiological and pathological conditions. Several lectin histochemical studies have been performed on the palatine gland of different species, which have described the heterogeneity of complex glycoconjugates present in these structures. However, no study has been conducted with regard to the relationship between glycoproteins and palatine gland development in mammals. Therefore, we conducted a study to test the hypothesis that a considerable modification in the expression of carbohydrates occurs in the palatine gland during developmental differentiation and maturation. Histochemical changes of glycoconjugates were observed during prenatal and postnatal development of the rat palatine gland. Qualitative and quantitative differences for the binding of lectins to palatal epithelium sections were determined. All lectins showed general progressive staining during development that was basally extended from the apical cytoplasm of mucous cells. The distribution of glycoproteins during palatine gland development and the heterogeneous distribution of glycoproteins observed between posterior and anterior sides expand our knowledge of the role of salivary glands in oral function. In
Introduction
In humans, the oral cavity and oropharynx are lined by around 600-1,000 minor salivary glands [1, 2] . These glands are distributed throughout the mouth except in the gingiva and along the midline and in the anterior part of the hard palate. They consist predominantly of mucous cells that release their secretions through a short ductal system into the oral cavity [3] . Palatine glands are mixed glands of predominantly mucus acini and a few serous demilunes. They are located at the deep termination of secretory units that irregularly grow by pouching [4] [5] [6] . In humans they develop from the 11th week of gestation from solid epithelial cord arising from the epithelium lining the soft palate. Thereafter, they undergo lumenization, branching and acinar differentiation [7] . In rats, several thickenings in the palatal epithelium appear at embryonic day 17 (E17). At E18 these have extended as epithelial cords that progressively lumenize and branch to form acini at E20 [8] .
Minor salivary glands function semi-continuously throughout the day and night, but only contribute up to 10 % of saliva produced [9] . In addition, they play a major role in the physiological defense mechanism of oral cavity structures by producing of up to two-thirds of mucus and half of the secretory IgA in the oral cavity [10, 11] . In addition, the most common site of minor salivary gland tumor occurrence is the oral cavity [12] [13] [14] [15] [16] [17] [18] [19] [20] . Salivary mucus glycoproteins are numerous and have a tremendous diversity of carbohydrate side chains that are linked to a polypeptide backbone. The advent of lectin histochemistry has allowed such carbohydrate moieties to be characterized. Lectins, which are proteins of plant or animal origin, have been used to visualize glycosylation modification and glycoprotein expression during development or under different physiological and pathological conditions [21] [22] [23] [24] [25] [26] [27] [28] .
Conventional histochemical methods have revealed that the mucins of rat palatine glands are rich in both acid and neutral glycoconjugates [29] , and can incorporate [
35 S]-sulfate [30] . Several lectin histochemical studies have been reported for palatine glands of different species. These emphasize the heterogeneity of the complex glycoconjugates present in these glands, for example α-fucose is abundant in mammals, but is scarce or absent in birds [3, 31, 32] . Lectin histochemistry has shown the quantity of glycoproteins to progressively increase during postnatal development of the Magellanic penguin [31] . However, there is a scarcity of information regarding the relationship between glycoproteins and palatine gland development in mammals. Therefore, we hypothesized that a considerable modification in the expression of carbohydrates could occur in the palatine glands during developmental differentiation and maturation, which might coincide with the change in diet from milk to solid feeding. In this review, we describe and discuss glycohistochemical observations of the developing rat palatine gland, according to our previous report [33] .
Palatine Gland During Developmental Differentiation and Maturation

Prenatal Stage
Sprague-Dawley rats were used. The animals were deeply anesthetized with chloral hydrate (600 mg/kg body weight, i.p.) and perfused transcardially with 0.02 M phosphate-buffered saline (PBS; pH 7.2) followed by 4 % paraformaldehyde in 0.1 M phosphate buffer (PB; pH 7.4). For prenatal experiments, the day on which a vaginal plug was recognized was considered as "embryonic day (E) 0". Pregnant mothers at E18, and E20 were sacrificed by an overdose injection of chloral hydrate (800 mg/kg), and the fetuses were extracted by caesarian surgery. The whole heads were fixed in 4 % paraformaldehyde in 0.1 M PB (pH 7.4) for 3 days. All postnatal pups were decalcified with 7.5 % ethylene diamine tetraacetic acid (EDTA) for 1-4 weeks at 4 C. After decalcification, the head was cut into exact halves along the medial plane. For frozen sections two heads from each group were transferred to PBS containing 20 % sucrose. For paraffin sections, two heads from each group were post-fixed in 4 % paraformaldehyde in 0.1 M PB (pH 7.4) overnight or for longer. Specimens were then dehydrated by ethanol, cleared in xylene and embedded in paraffin. In accordance with previous reports [7, 8] , at E18, gland buds and epithelial cords with a terminal bulb at the distal end were elongated from the epithelial basement membrane (ectoderm) into the stromal connective tissue (mesenchyme). At E20, branching and lumenization had taken place, and immature acini and ducts were formed. We applied lectin histochemistry to frozen sections to avoid false-negative errors. Parasagittal frozen sections were prepared at a thickness of 14 μm, and mounted on MS-coated glass slides (Matsunami, Osaka, Japan), rinsed with PBS, dried and processed for lectin histochemistry. For the identification of specific carbohydrate residues, tissue sections were incubated for 30 min with 0.3 % H 2 O 2 in methanol to block endogenous peroxidase activity. The sections were then incubated for 12-14 h with one of seven different biotinylated lectins, Glycine max (SBA), Dolichos biflorus (DBA), Vicia villosa (VVA), Ulex europaeus (UEA-1), Triticum vulgare (WGA), Succinyl WGA (sucWGA) or Arachis hypogaea (PNA). Sections were then washed three times in PBS, followed by incubation with ABC (Vector Laboratories) for 60 min and then washed again three times with PBS. The horseradish peroxidase was visualized by incubating slides with 0.05 M Tris-HCl buffer (pH 7.5) containing 0.08 % diaminobenzidine and 0.003 % H 2 O 2 . Sections were then lightly counterstained with methyl blue, dehydrated and cover slips were mounted using Permount (Fisher, NJ, USA). Sections were examined by light microscopy.
At the prenatal stage, particularly at E18, lectin histochemistry showed considerable variety in the extent or presence of staining among different animals and even among different buds in the same gland. In general, at E18, N-acetylgalactosamine residues visualized by DBA, SBA and VVA showed heterogeneous staining that was negative to weakly positive in the terminal buds. At E21 this staining became progressively more moderate, in the cytoplasm and lumen of ducts, but VVA staining was confined to apical cytoplasm. PNA showed a heterogeneously positive reaction to cell membranes in the epithelial cord but little or no reaction to cells in the terminal buds. At E20, the PNA reaction was located near the lumen. At E18, UEA staining was similar to that of PNA; however, at E20 UEA staining was moderate in the apical cytoplasm and cell membrane as well as on the lumen surface of ducts. WGA reacted strongly at E18, while at E20 staining was moderate on cell membranes and in apical cytoplasm. sucWGA did not show any reaction at E18, but at E20 it stained the cell membrane but not the apical cytoplasm, where secretory granules reside.
In prenatal developmental differentiation, our data showed the importance of terminal sialic acid rather than N-acetylglucosamine, as indicated by intense binding of WGA to the cell membrane and stromal cells and the lack of sucWGA binding [34] . sucWGA labeling appeared largely during postnatal development. Other lectins showed heterogeneous patterns of staining with high affinity of PNA and UEA-1 observed in the epithelial cord at the bud stage. This pattern of reaction is similar to that of developing human labial and lingual minor salivary glands [35] . The varieties in the reactivity of lectins during epithelial budding and bud migration are indicative of a differentiation-dependent alteration in cell surface carbohydrates [36] .
Suckling Stage
Sprague-Dawley rats aged PN 0-7 were used. We used the same methods for histological analysis and lectin histochemistry as for postnatal animals. The classification of the developmental periods used in this study is based upon the physiological and nutritional stages of animal development [37] . Histological analysis of suckling stage rats showed that the acini of newborns had the general overall appearance of the adult; they contained basophilic nuclei located basally within basal eosinophilic cytoplasm, and pale apical cytoplasm underlined by clear lumen. At day 0, the secretory units of palatine glands consisted of immature acini and ducts sparsely distributed in the connective tissue, and no extending epithelial cord was observed. The nuclei were round in shape and flattened progressively with age. Gradually with maturation, the glands arranged into lobules, and the number and size of acini increased. Lectin histochemistry at the suckling stage showed that all lectins examined, except PNA, bound to the luminal border and showed generally similar reaction patterns. The staining tended to be diffuse or reticular in the apical cytoplasm and apical membrane, as well as in the basolateral membrane of acini in newborns. Moreover, SBA and to a lesser extent PNA showed more positive reactions at supranuclear membranes. The staining by all lectins progressively increased to become moderately distributed. UEA reacted in a similar pattern but was more intense and diffuse, particularly in the acini located on the anterior area of the soft palate where the mother's nipple sits during suckling.
Palatine glands of newborns exhibited the same general overall appearance as those of the adult; therefore, unlike the parotid gland [37] , and to a lesser extent the submandibular gland [38] , no dramatic histological or morphological changes occurred during postnatal development. Lectin labeling in the newborn was located in the apical portion of the cytoplasm, with slight variation, and with maturation progressively increased and spread out basally corresponding with the progressive enlargement of the apical eosinophilic cytoplasm where secretory granules exist.
Transitional Stage
Sprague-Dawley rats aged PN 10-14 were used. In this stage, both suckling and feeding on solid food occur after eruption of teeth and before weaning. The histological sections showed enlargement of the glandular lobules, while the interlobular connective tissue was slightly reduced. Some acini had formed the tubuloacinar and a few scattered serous cells were observed. Histochemically, the distribution of lectin staining remained similar to that in the first week, although the extent of reactions was slightly increased and a granular pattern of staining was noticed in most acini. In addition to mucous cells, UEA showed high affinity to serous cells. sucWGA, however, rarely reacted to serous cells.
Weaning Stage
Sprague-Dawley rats aged PN 21-28 were used. Histological analysis showed that the general appearance of the gland remained unchanged at the weaning stage; however, the whole gland at 4 weeks appeared more compact, the eosinophilic cytoplasm of the mucous cells was enlarged and nuclei were further flattened and displaced basally. Serous acinar cells were observed along the soft palate, predominantly in the posterior part. Some were capped in the mucous acini and others were isolated. Lectin histochemistry at the third week showed heterogeneous staining among different animals; however, overall patterns similar to those of the preceding stage were seen for WGA, sucWGA, UEA and PNA. SBA, sucWGA and UEA-1 showed affinity to serous cells, and the reactivity of DBA and VVA was expanded to cover the basal region and supranuclear membrane of some acinar cells. Some cells exhibited a similar pattern to that found in the adult. At the fourth week, the lectin staining patterns were mostly similar to those found in the adult, in which reactivity was extended basally from the apical cytoplasm along the lateral surface of acinar cells. DBA staining was strong, covering the entire cytoplasm. Staining for VVA, WGA and UEA was weaker but there was no significant difference between anterior and posterior regions. Surprisingly, the reactivity of PNA and sucWGA was reduced by more than one-third and focal, moderate cytoplasmic staining was observed more in the posterior glands. At the third week, strong, broad distribution of lectin binding was observed; in particular, PNA and sucWGA reached their peaks of reactivity. These additional mucous secretions might be required as a lubricant for both chewing and swallowing solid food and may provide a protective coating for the soft palate [39] [40] [41] , and are thus consistent with forced weaning.
Adult Stage
Sprague-Dawley rats aged PN 42 were used. The histological analysis of the adult stage showed that the thickness of the glandular layer was increased, but the thickness of the posterior portion was clearly smaller than the anterior oral one. Glands appeared more dilated, and the faint apical cytoplasm was enlarged and pressed the spindle-shaped nuclei against the basement membrane. Serous cells with round nuclei and basophilic cytoplasm were observed along the soft palate, mainly in the posterior portion, some of which were isolated while others were capped with mucous cells. Lectin histochemistry at the adult stage showed a dramatic heterogeneity of glycoproteins between the anterior and posterior portions. DBA, VVA and WGA showed high affinity to all mucous cells, but their staining patterns were more broadly and intensely distributed in the posterior portion. The reactivity of SBA, however, was located in the apical cytoplasm in the anterior portion and was more intense and broad in the posterior region. Furthermore, less than one-third of cells showed binding to PNA and sucWGA, most of which were located in the posterior portion. Finally, UEA-1 reacted strongly and was evenly distributed along the palatine gland.
This study showed that the 4th week was the appropriate time for weaning, when the histochemical distribution of lectins among mucous cells of palatine glands behaved mostly like that of the adult. Our study showed that the mucins secreted from the palatine gland changed in quality and quantity during growth. Moreover, in the adult stage, a spectacular heterogeneous distribution of glycoconjugates was observed in the soft palate between palatine glands located in the anterior and posterior portions; the posterior side was rich in N-acetylglucosamine and galactose compared with the anterior side as demonstrated by its positive reactivity with sucWGA and PNA, respectively. N-acetylgalactosamine was also more abundant in the posterior side as demonstrated by intense and broad distribution of DBA, VVA and SBA. Heterogeneous distribution of glycoconjugates within an organ has been previously described for the kidney of JDS mice; distal tubules showed binding to DBA, whereas proximal tubules did not [22] . Also, in the human large bowel, UEA-1 bound to mucous goblet cells proximally but not distally [42] . Generally, glycoproteins secreted by mucous cells contain both O-linked oligosaccharides, which contribute to the protective physiochemical properties of the mucus coat, and N-linked oligosaccharides. In the present study, N-linked oligosaccharides, as indicated by mannose directed ConA lectin binding, were evenly distributed throughout the soft palate. However, dramatic distinguishable differences were revealed between anterior and posterior regions, where O-linked oligosaccharides were highly expressed in the latter as indicated by DBA, VVA, SBA and PNA staining [22] . An apocrine mechanism of secretion by mucous cells in the salivary gland has been excluded [43] ; therefore, two reasons may be speculated to explain the abovementioned heterogeneity in the soft palate. First, the epithelium covering the soft palate has fewer layers in the posterior portion, and the thickness of the glandular layer of the palatine gland is obviously smaller, which strikingly correlated with presence of more abundant glycoproteins in that area. This suggests that palatine glands located in the posterior portion, as a functional compensation, produce expanded and elongated mucin by over-secretion of glycoproteins with O-linked oligosaccharides that change the physiochemical properties of the mucin by making it more viscous, with lower solubility and higher elasticity and adhesiveness. This in turn provides additional integrity to the soft palate mucosa from any mechanical or chemical injury [44, 45] . The second speculation is inspired from the suggestion that serous demilunar and central acinar cells might be the phenotype of a single secretory-cell type [46] . Accordingly, we observed that SBA, PNA and sucWGA sometimes reacted to serous cells in addition to mucous cells during the stages examined, while in the adult samples they showed higher affinity to serous cells of the von Ebner gland. Therefore, the more abundant serous cells in the posterior portion probably could have contributed to the production of glycoproteins and were subsequently expressed by lectin binding in the main acinar cells due to glycosylation continuation of demilunes to main mucous cells.
Conclusions
Lectin histochemistry has the ability of identifying oligosaccharide-specific residues in histological sections and delineating information about the structure of carbohydrate-rich macromolecules. The method is useful for the analysis of palatal gland development. The present observations revealed that glycoprotein distribution during palatine gland development varies with age. This variation in staining properties could be related to the maturation process in the secretory cycle of the palatine mucous glands. Moreover, the heterogeneous distribution of glycoconjugates between posterior and anterior glands, which is probably due to different functional demands, expands our understanding of the role of salivary glands in oral function. Further studies are needed to elaborate further physiochemical and rheological differences.
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